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Introduction
The	 success	 of	 applying	 a	 dental	 implant	
is	 influenced	 by	 factors	 that	 are	 dependent	 on	
both	 the	 type	 of	 device	 used	 and	 the	 individual.	







and	 meets	 the	 safety	 requirements,	 it	 must	 be	
tested	 in	 vitro	 and	 in	 vivo.	 Cytocompatibility	 is	
the	first	step	in	assessing	the	toxicity	of	materials	
used	 in	 the	 manufacture	 of	 medical	 devices	 to	
characterize	 them	 in	 contact	 with	 bone	 cells.	 In	
vitro	 tests,	 moreover,	 are	 preliminary	 and	 are	
performed	 to	 avoid	 unnecessary	 use	 of	 animals	
if	 the	materials	 are	 cytologically	 unsuitable.	 The	
installation	 of	 a	 medical	 device	 in	 the	 body	 of	
an	 animal	 is	 the	 most	 effective	 way	 to	 assess	
local	 effects	 on	 surrounding	 tissues,	 and	 the	
biocompatibility	 standards	 contained	 in	 ISO	
10993-6	 set	 out	 the	 general	 considerations	 to	
be	 taken	 into	 account	when	 testing	 (ISO	 10993-
6:2016	–	Part	6).
The	 selection	 of	 the	 animals	 that	 can	 be	
used	for	testing	the	dental	 implants	is	one	of	the	
most	 important	 steps,	 because	 each	 animal	 has	
a	 different	 bone	 structure.	 The	 purpose	 of	 this	
review	is	to	know	the	details	regarding	the	macro	
and	microstructure	 of	 the	 bone	 for	 each	 animal	
species	used	 in	the	research	of	 the	bone-implant	
interaction.
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The characteristics of dental implants that 
are used in the in vivo tests
Currently,	 there	 is	 a	 wide	 variety	 of	 dental	
implants,	but	when	it	comes	to	testing	them	on	an	
animal	model,	 one	 of	 the	 important	 factors	 that	
ought	 to	 be	 considered,	 is	 their	 size.	 It	 must	 be	
related	to	the	size	of	the	animal	and	especially	their	
bones,	 so	 improper	 mounting	 or	 possible	 bone	
fractures,	that	would	definitely	result	in	research	







The	 vast	 majority	 of	 dental	 implants	 have	











animal	 but	 also	 the	 similarity	 with	 the	 human	






Species Implant length Implant diameter Required time for osseointegration
Rat 5	mm 1.6	mm 12-52	weeks
Rabbit 6	mm 2	mm 12-104	weeks*
Dog 12	mm 4	mm 12-104	weeks*
Sheep / Goat 12	mm 4	mm 12-104	weeks*
Pig 4.5	mm 2	mm 12-104	weeks*
*The	time	required	for	osseointegration	varies	depending	on	the	material	that	is	tested	and	the	expected
Table 2.	Similarities	between	human	and	animal	bone	(Bonucci	et al.,	2014;	Chu	et al.,	2010;	Roach	et 
al.,	2003)
Species Macroscopic similarities Microscopic similarities
Age of bone skeleton
maturation
Human – Lamellar	bone	withextensive	remodeling 16-20	years
















Dog Similar Plexiform	bone	with	small	osteonremodeling 18	months
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their	 tolerance	 to	 the	 conditions	of	 captivity,	 the	








Even	 though	 they	 are	 not	 covered	 by	 ISO	
10993-6,	 due	 to	 differences	 in	 bone	 structure	
(compared	 to	 humans),	 their	 size	 and	 limited	
number	 of	 devices	 for	 testing,	 recent	 studies	
show	that	 this	animal	species	 is	 frequently	used,	
probably	 due	 to	 their	 increased	 availability	 and	
of	 the	 fact	 that	 they	are	easy	 to	handle	and	 take	
care	 of.	 Attributes	 of	 the	 ideal	 animal	 model	
















relatively	 fast	 in	 comparison	with	 other	 species,	




of	 dental	 implants,	 is	 the	 fact	 that	 the	 dental	
plaque	 is	without	roots	and	deeply	embedded	 in	
the	 mandibular	 bone	 structure,	 which	 also	 has	










the	medullary	 canal,	 but	 also	 in	 the	 periosteum.	
Bone	mineral	density	in	the	femoral	or	tibial	cortex	
is	 lower,	 probably	 due	 to	 the	 poorly	 developed	
Haversian	 system	 (approx.	 700	 g/cm2,	 femoral	
bone	density	and	973.6	g/cm2	mandibular	bone	
density).	The	maximum	average,	for	the	diameter	
of	 the	 osteon	 described	 by	 Martiniakova	 et al. 
(2005),	 was	 223.79+47.69	 μm	 with	 a	 minimum	
average	diameter	of	50.79+9.71μm	(Martiniakova	
et al.,	2005).	Compared	to	other	animal	models,	the	
rabbit’s	 skeletal	 system	 shows	 a	 rapid	 response	







Pigs	 are	 often	 used	 for	 testing	 of	 dental	 im-
plants	due	to	their	bone	structure	that	resemblan-
ce	 in	 many	 ways	 the	 human	 one	 and	 the	 large	




their	 reactive	 behavior	 or	 low	 stress	 resistance.	
To	eliminate	these	inconveniences,	mini-pig	lines	
have	 been	 created,	 and	 among	 the	 most	 used	
Table 3. Cortical	and	spongy	bone,	parameters	obtained	from	rats	by	microCT	analysis	(Bagi	et al.,	2011)
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in	 medical	 research	 are	 Yucatan,	 Lee-Sung	 and	
Göttingen	(Coelho	et al.,	2018).	
From	 the	anatomical,	morphological	 and	 the	





as	 lamellar	 structure,	 density	 and	 concentration	
of	 minerals	 in	 the	 bone,	 compared	 to	 humans	
(Aerssens	et al.,	1998;	Schierano	et al.,	2005),	make	
the	pig	a	good	study	model	for	the	osseointegration	
process	of	dental	 implants,	 especially	 since	 their	
tibia	 is	 considered	 the	 equivalent	 of	 the	 human	
mandibular	bone	(Del	Fabbro	et al.,	2017).
A	review	of	miniature	pigs,	shows	the	concor-
dance	 between	 the	 dental	 characteristics	 of	 this	
species	 and	 those	 of	 humans	 (Kantarci	 et al.,	
2015),	so	natural	gingivitis	can	be	observed	from	
the	age	of	6	months	and	is	manifested	by	gingival	
edema,	percussion	bleeding	 and	 the	 existence	of	
bacterial	plaque	and	 from	 the	age	of	16	months,	
pigs	 can	 even	 develop	 periodontal	 diseases	
(Wang	 et al.,	 2007).	 This	 animal	 model	 is	 often	
used	 in	 experimental	 peri-implantitis	 studies	
where	 aspects	 such	 as	 bone	 resorption,	 gum	
inflammation,	 loss	 of	 attachment	 (implant)	 and	
microbiota	modifications	are	evaluated	(Hickey	et 
al.,	1991).
Small ruminants (sheep / goats)
Sheep	 or	 goats	 are	 not	 that	 used	 for	 testing	





vessels.	 The	 age	 of	 the	 animal	 greatly	 influences	
the	 bone	 structure,	 the	 primary	 “embryonic”	
bone	 appears	 strongly	 vascularized	 and	 poorly	
organized	 in	 terms	 of	 mineralization	 (Lopez-
Pliego	et al.,	2018).	After	 the	age	of	4,	 the	sheep	
have	 a	 plexiform	 bone	 structure	 that	 includes	
lamellar	bone	tissue	interposed	with	the	vascular	
plexuses,	 similar	 to	 a	 sandwich.	 At	 7-8	 years	 of	
age,	 the	 Haversian	 system	 reshapes,	 becoming	
much	more	prevalent,	especially	in	the	femur	and	
humerus	(Newman	et al.,	1995).
Bone	 density	 and	 strength	 is	 much	 higher	
in	 small	 ruminants,	 the	 femoral	 trabecular	 bone	
being	twice	as	dense	as	in	humans,	but	there	are	
studies	 that	 note	 that	 the	 density	 of	 the	 bone	
assembly	 differs	 depending	 on	 the	 anatomical	
region.	 In	 dental	 research,	 the	 bones	 of	 interest	
are	 represented	 by	 the	 femur	 and	 tibia,	 where	
several	 implants	 can	 be	 mounted	 because	 the	
bone	 remodeling	 and	 the	 healing	 potential	
are	 great.	 When	 deciding	 on	 the	 use	 of	 small	






The	 use	 of	 dogs	 in	 biomedical	 research	 has	
recently	been	hit	by	certain	ethical	issues		due	to	
the	fact	that	this	species	is	considered	a	pet.	Dogs	






composition.	 Secondary	 osteon	 formation,	
epiphyseal	 fusion	 at	 maturity,	 intracortical	
remodeling,	 or	 bone	 loss	 in	 old	 age	 are	 other	
aspects	 of	 similarity	 to	 humans	 (Bonucci	 et al.,	
2014).	The	difference	between	human	and	canine	
bone	 is	 the	 speed	 of	 bone	 remodeling,	 which	
in	 dogs	 is	 higher	 in	 the	 trabecular	 component.	
Regarding	 this	 aspect,	 there	 are	 variations	 both	
depending	 on	 the	 anatomical	 region	 (eg	 lumbar	
vertebrae	 have	 a	 bone	 transformation	 rate	 of	
almost	 200%	 /	 year	 in	 young	 Beagle	 dogs)	 but	
also	 between	 individuals,	 the	 average	 value	 of	
the	 degree	 of	 bone	 regeneration	 being	 however	
about	100%	(Liebschner,	2004).	The	canine	bone	
microstructure	 is	mixed	 and	 includes	 secondary	
osteonal	 bone	 in	 the	 center	 of	 the	 cortex,	 and	
adjacent	to	the	periosteum	and	endosteum	is	the	
plexiform	bone	that	is	formed	quickly	and	in	large	
quantities,	 providing	 increased	 mechanics	 and	
support	(Wang	et al.,	1998;	Kimmel	and	Jee,	1982).
In	 studies	 related	 to	 dental	 implants,	 Beagle	
is	 the	 accepted	 breed,	 and	 as	 an	 anatomical	
mounting	 region,	 the	 femur	 is	 preferred,	 even	 if	
many	publications	describe	the	 intra-oral	region,	
in	 the	 working	 method,	 when	 following	 the	
processes	 of	 osseointegration,	 peri-implantitis	
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In	 dental	 research,	 animal	 experimentation	
is	 necessary	 and	 may	 provide	 data	 that	 cannot	
be	 extrapolated	 from	 human	 studies,	 due	 to	 the	
impossibility	 of	 harvesting	 tissues	 required	 for	
microscopic	 analysis.	No	 species	meets	 the	 ideal	
requirements,	 but	 an	 understanding	 of	 the	 bone	
differences	in	macroscopic,	microscopic,	and	bone	
remodeling	 structure	 can	direct	 the	 results	 of	 in	
vivo	experiments.
The	 purpose	 of	 selecting	 an	 animal	 model	
in	dental	 implant	research,	 is	 to	obtain	sufficient	
information	 on	 the	 body’s	 response	 to	 a	 foreign	
body,	 wound	 healing	 around	 implants,	 tissue	










on	 the	 rise,	 it	 is	 important	 to	 conduct	 studies	 to	
evaluate	them.	Animal	models	can	provide	strong	
support	 in	such	studies,	as	 long	as	 the	sample	 is	
large	enough	 to	generate	 statistically	useful	data	
and	 small	 enough	 to	prevent	unnecessary	use	of	
animals.
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